Over the past 20 years, the prevalence of childhood and adult obesity has increased in industrialized societies ([@R1], [@R2]). Obesity is associated with increased morbidity and mortality ([@R3]), is difficult to treat ([@R4]), and is associated with costly medical conditions ([@R5]). Hence, there is considerable need for effective methods to prevent obesity ([@R6]), and because obese children and adolescents tend to become obese adults ([@R7]), it is logical that preventive efforts target inappropriate weight gain in children and young adolescents ([@R8]).

Many obesity prevention programs have utilized environmental modifications in schools, to improve healthy nutrition, increase physical activity, and reduce sedentary behavior ([@R9], [@R10]). This approach is often conceptualized as a type of universal primary prevention, where all children are equally exposed to the intervention ([@R11]). In contrast, secondary prevention programs identify and target affected individuals ([@R11]). Secondary prevention has been viewed as impractical in non-clinical settings, e.g., schools, due to the potential stigmatization of overweight children and the amount of time and resources required for individual treatment. For the LA Health project, we developed a method for delivering secondary prevention in the school setting in the context of a primary prevention program so that overweight children (defined as BMI percentile ≥ 85) would not be "singled out" ([@R12]). By combining a classroom-based approach with environmental modifications of the school we created an approach that is conceptually similar to "multi-level or integrated" interventions that have recently been advocated as a means to develop more powerful approaches for the prevention and treatment of childhood obesity ([@R13]). Furthermore, the LA Health project selectively recruited students from rural communities ([@R12]). Lutfiyya et al ([@R14]) identified rural residency as a risk factor for obesity and called for obesity prevention research on this at-risk population. To our knowledge, the LA Health study is the first controlled study of school-based obesity prevention in rural children.

The study was designed to test the efficacy of a Primary Prevention program (PP) and a combination of PP and a Secondary Prevention (SP) program in comparison to a Control (C) group for prevention of weight/fat gain in the entire sample and overweight children. The PP intervention delivered a school-based obesity prevention program that modified the school environment ([@R12]). PP+SP added a classroom/Internet component to the environmental modification program ([@R12]). PP+SP was conceptualized as adding additional education and social support for changing behaviors related to energy balance ([@R10], [@R12], [@R15]), especially in overweight children. PP and PP+SP included the environmental modification (EM) program and the study was designed to test the efficacy of the EM program in comparison to C. The primary endpoints were changes (over 28 months) in percent body fat and body mass index (BMI) *z* scores. Primary aims of the LA Health study were to test the hypotheses that: 1) PP and PP+SP were more effective for weight/fat gain prevention than C in the entire study cohort, 2) EM was more effective than C for weight/fat gain prevention in the entire study cohort, and 3) PP+SP was more effective for weight/fat loss in comparison to PP and C in overweight children. Secondary aims were to test hypotheses related to changes in behaviors related to energy balance: 1) PP and PP+SP were more effective for behavior change than C in the entire study cohort, 2) EM was more effective than C for behavior change in the entire study cohort, and 3) PP+SP was more effective for behavior change in comparison to PP and C in overweight children.

Materials/Subjects and Methods {#S1}
==============================

Participants {#S2}
------------

Williamson et al ([@R12]) described the recruitment of schools and participants. The LA Health study was approved by an Institutional Review Board. The parents of all child volunteers provided written informed consent and all child volunteers provided written assent to participate in the study. [Figure 1](#F1){ref-type="fig"} summarizes the flow of events starting with the number of school clusters that were considered for inclusion in the study to the number of children who were available for measurement at the end of the study (Month 28). A cohort of 2097 children enrolled in Grades 4--6 in 17 school systems were measured at baseline ([@R12]). Schools were grouped to create 17 school clusters, each an exclusive set of elementary schools and the middle or junior high schools into which they fed. After initiating the study, no attrition at the level of school or school cluster occurred. These 17 school clusters were randomly assigned to one of three arms: 1) PP (5 clusters), 2) PP+SP (6 clusters), or 3) C (6 clusters). In order to form two racial groups (for statistical analyses), we censored 37 (1.8% of the study cohort) children who reported race other than white/non-Hispanic, or African-American. [Table 1](#T1){ref-type="table"} summarizes the resulting number and baseline characteristics of the children in the total cohort and in each treatment arm. At the end of 28 months, 363 children (17.6% of the baseline sample) were unavailable for follow-up measurement at Month 18 and/or 28. The demographic characteristics of the students who were unavailable for measurements at Months 18 and/or 28 did not differ from those who were available (*p* values \> 0.25).

Information on the Participating Schools {#S3}
----------------------------------------

The actual number of schools that participated in the study varied over the three academic years due to changes in grade levels of the participants, e.g., in Year 1, 33 schools participated and in Year 3, 39 schools participated. At baseline, one cluster had 4 schools, four clusters had 3 schools, five clusters had 2 schools, and seven clusters had only 1 school. As shown in [Figure 1](#F1){ref-type="fig"}, rate of enrollment was 2201 out of 4857 children in all schools (45.3% enrollment rate).

Outcome Assessment Strategy {#S4}
---------------------------

Baseline assessment was conducted after the completion of recruitment and prior to randomization of schools to the intervention arms (Fall 2006). The remaining assessments occurred at the end of school in Years 2 (2008, after 18 months of intervention; M18) and 3 (2009, after 28 months of intervention; M28). Assessments were scheduled for two school clusters per week and measurements were conducted by two independent assessment teams who traveled together. At baseline, height, weight, and percent body fat were measured for 2060 white and African-American children; at M18, these measures were obtained for 1613 children and at M28, 1429 children were assessed for primary endpoints. Questionnaire measures (SAPAC and DSS) were obtained on \> 99% of available children at each measurement period. At baseline, 97.8% of the volunteers were available for measurement of food intake using digital photography; at M18 (93.8%) and at M28 (87.8%) food intake was measured for most of the available children.

Measurement of Outcomes {#S5}
-----------------------

Primary endpoints were changes in percent body fat and BMI *z* scores. Secondary endpoints were changes in behaviors related to energy balance: dietary intake, physical activity, and sedentary behavior. The order of assessment was randomly assigned for each school cluster prior to the baseline assessment, and this schedule was followed for the other two assessment periods, with minor deviations. Each assessment period required an average of 15 weeks (range = 14 to 16 weeks).

### Primary Outcome Measures {#S6}

#### Body fat {#S7}

We measured body weight and impedance using bare footed participants on the Tanita Body Composition Analyzer (model TBF-310) and automatically recorded body fat and fat-free mass using a laptop computer. Prior to body impedance measurement, children did not fast and were not provided with specific instructions related to hydration. In children, estimates of body fat using body impedance are within 2% of DXA estimates of percent body fat and are very stable ([@R16]).

#### Body Mass Index *z* scores {#S8}

Height and weight of each child were measured, in normal school clothing, without shoes and socks. Height was measured using a stadiometer. Weight was measured using the scale of the Tanita TBF 310. Height and weight were converted to body mass index (kg/m^2^) and, using the 2003 NHANES database, BMI was converted to *z* scores based on gender and age, an approach that has been used in studies of changes in body weight in growing children ([@R17]).

### Measures of Behavior Related to Energy Balance {#S9}

#### Digital photography of food selections and food intake {#S10}

On three consecutive days, the digital photography method was used to measure food selections and food intake of students enrolled in the study. At lunch, foods selected by the students prior to eating and after eating were photographed using two (Sony DCR-TRV22) digital video cameras. One camera was used to photograph incoming trays (food selection), and the second camera was used for photographing outgoing trays (plate waste). Differences between food selections and plate waste defined food intake. Digital photographs of the reference portion, food selection, and plate waste for test meals were captured and incorporated into a computer application designed for estimation of food portions in digital photographs. Methods used in previous studies with adults ([@R18]) and children ([@R19]) were employed. These studies ([@R18], [@R19]) have reported that the methods are reliable, accurate, and sensitive to treatment effects. Additional details about these methods and results can be found in the [online supplement](#SD1){ref-type="supplementary-material"}.

#### Self-reported physical activity {#S11}

Using the Self-Administered Physical Activity Checklist (SAPAC), children reported the number of hours they spent in physical activity and sedentary activities before, during, and after school ([@R20]). This self-report measure of physical activity has been correlated with measures of exercise intensity and objective measures of activity using accelerometers ([@R20]). The LA Health study included a sub-study (n = 275 at baseline) using accelerometers to measure duration of different levels of physical activity and sedentary behavior. This sub-study^[\*](#FN3){ref-type="fn"}^ found weak and inconsistent correlations between measures of physical activity and sedentary behavior measured by the SAPAC, when correlated with similar measures from accelerometers. These findings indicate that the SAPAC and accelerometers were measuring different aspects of physical activity and sedentary behavior.

#### Social Support from Teachers {#S12}

We hypothesized that PP and/or PP+SP would result in higher levels of perceived social support from teachers for behavior change ([@R12]). To assess this impact, we selected the Children's Dietary Social Support scale (DSS) ([@R21]). The DSS is a self-report measure of perceived social support for healthy dietary choices. The scale assesses support from family, friends, and teachers. Satisfactory internal consistency and concurrent validity as a measure of social support for diet-related behavior have been reported ([@R21]). We only report on changes in teacher support in this paper. Estimates of internal consistency (Coefficient alpha) were satisfactory at all three measurements (baseline = 0.73, M18 = 0.79, M28 = 0.82).

Socio-demographic Variables {#S13}
---------------------------

The age, sex, and race of each child were self-reported by a parent or guardian of the child who provided written consent to participate in the study. Age of the child was verified from school records. Enrollment in the free or reduced-cost lunch program was used as an indicator of socioeconomic status ([@R22]). Based on data from the school lunch program, 77.0% of the participants were classified as low SES, 7.5% were classified as low to moderate SES, and 15.4% were classified as moderate to high SES. For purposes of comparison, 81.7% of the total student population in the 33 schools at baseline was classified as low SES.

Prevention Programs {#S14}
-------------------

As noted earlier, school clusters were randomly assigned to one of three study arms: PP, PP+SP, and C. The prevention programs have been described in other papers ([@R12], [@R23]). Program materials for PP and SP may be obtained at <http://www.pbrc.edu>. The names of the two prevention programs were derived from the distinction between universal primary prevention and targeted secondary prevention ([@R12]). We recognize that these names (Primary and Secondary Prevention) may not be universally accepted as appropriate, but we maintain the use of these names to remain consistent across publications related to the LA Health study ([@R12], [@R23]). The term secondary prevention was selected as the name for the classroom/Internet program since it instructed overweight children (at baseline) to lose body weight/fat ([@R12], [@R23]). Non-overweight children exposed to the program were instructed to maintain current body weight/fat.

###  {#S15}

#### Primary Prevention {#S16}

The Primary Prevention program modified the school environment to promote healthy nutrition and physical activity with three primary objectives: 1) modify environmental cues related to healthy eating and activity, 2) modify the cafeteria food service program, and 3) modify the physical education programs as described in the SPARK study ([@R24]) and to reduce sedentary behavior ([@R25]). The program used an environmental approach that was developed and tested in the Wise Mind study ([@R19]). Dietary and physical activity goals of the program were guided by recommendations from the American Academy of Pediatrics ([@R26]). Dietary goals included: five fruits and vegetables per day, \< 30% of dietary energy from total fat, \< 10% of dietary energy from saturated fat, and 20 to 30 grams of fiber/day. The contents of vending machines were modified using this guideline\--at least 50% of foods available in vending machines were required to meet all of the following dietary criteria: 1) ≤ 150 kcal, 2) \< 35 total kcal from fat, 3) \< 10% of total fat from saturated fat, 4) ≤ 30 g of sugar per serving, and 5) ≤ 360 mg of sodium per serving. Activity goals were: 1) 60 minutes of moderate to vigorous activity per day and 2) \< two hours per day of television viewing and video game play.

#### Primary + Secondary prevention {#S17}

This intervention arm combined SP ([@R23]) with PP (identical to the Primary Prevention program described above). SP employed a classroom instruction component combined with an internet-based approach similar to the interventions that were developed and tested in the HIPTeens study ([@R27]) and other health behavior change studies in children ([@R15]). Internet-based obesity interventions have been associated with reduced utilization over time ([@R28]). To overcome this limitation, the internet intervention of this study was delivered as part of regular classroom instruction, combined with synchronous (online) internet counseling and asynchronous (email) communications for children and their parents. The website was programmed to recognize whether a participant was overweight or obese at baseline and slightly different programs were presented to overweight and non-overweight children ([@R12], [@R23]), which was effective for minimizing the potential for stigmatizing overweight children.

#### No-Intervention Control {#S18}

The control group for the RCT received none of the prevention components that are hypothesized to yield weight gain prevention.

Delivery of the Programs Associated with the Three Arms {#S19}
-------------------------------------------------------

Integrity of the delivery of the prevention programs was evaluated using assessment methods (questionnaires and observation procedures for the school environment, teachers, and cafeteria staff) that measured different components of the three intervention arms ([@R29]). These process measures, developed specifically for the LA Health study, were found to be reliable (Coefficient Alphas ranged from 0.60 to 0.86, indicating satisfactory internal consistency) and valid (inter-rater agreement ranged from 0.75 to 0.94 for content specificity of the items of each scale). The results indicated that exposure to the different intervention components associated with PP+SP, PP, and C study arms was rated by school and study personnel as yielding interventions that were unique ([@R29]).

Statistical Power Analysis {#S20}
--------------------------

Statistical power analysis (12; power = 0.85) indicated that with 17 clusters, an average of 98 students per cluster were required at the end of the study to detect relatively small differences in measures of adiposity (e.g., \< 0.12 for BMI *z* scores and \< 1.2% differences in body fat percent between intervention arms for boys and girls. Recruitment of participants was based upon an assumption of 25% attrition rate for statistical analyses ([@R12]). The actual attrition rate was 17.5% and the effect sizes that were observed were consistent with the relatively small changes that were anticipated with the power analyses ([@R12]).

Statistical Methods {#S21}
-------------------

The seventeen school clusters were randomized to one of the three intervention arms following baseline data collection. A single-stage, mixed model statistical strategy was used to analyze the findings for students with baseline measurement and at least one (of two) follow-up measurements. This approach excluded children who were only available for baseline measurement (17.5% of the baseline cohort were unavailable for measurement primarily due to movement by the family out of the school district). The results were compared with results from a last observation carried forward (LOCF) intent-to-treat approach to evaluate the reliability of the findings and the same results were found. All primary and secondary endpoints reported in this paper were collected at the individual level. Changes from the baseline value to the follow-up measurements were utilized as the response variable and a mixed-model analysis was used to evaluate the intervention effect, with baseline values entered as covariates. The mixed model analyses controlled for the random effect of school clusters within intervention arms and intra-class correlations pertaining to the effects of school clusters are reported. For primary endpoints (percent body fat and BMI *z* scores), separate analyses for boys and girls were conducted since previous research on baseline data had found different distributions of percent body fat and BMI *z* scores for boys and girls ([@R30]). Race was a stratification factor for models analyzing primary endpoints. Thus, the basic statistical model for primary endpoints used a Group X Race X Time design. The basic statistical model for behaviors related to energy balance and for social support from teachers used a Group X Time design, co-varying race and sex. The indicator of socioeconomic status, (free, partially paid, or fully paid lunch status) was considered for inclusion in the statistical models. This measure was not entered, however, because it was significantly associated with minority status (χ^2^ = 292, p = 0.001; Contingency Coefficient = 0.35) and the confounding of the two variables could not be corrected. Results were interpreted using information derived from null hypothesis testing and effect sizes, as recommended by Cohen ([@R31], [@R32]) and Cortina and Landis ([@R33]). Standardized effect sizes (ES), similar to Cohen's *d* for cluster randomized studies ([@R34]), are reported for each outcome measure at M28 and as an average across M18 and M28. Effect sizes were interpreted using the guidelines suggested by Cohen ([@R31]): small = 0.20, medium = 0.50, and large = 0.80. Focused tests of significance ([@R35]) were used in comparisons of two intervention arms. For null hypothesis testing involving two arms, alpha was set at *p* \< 0.05. For effects involving three arms, alpha was adjusted to *p* \< 0.02.

Results {#S22}
=======

Baseline Characteristics {#S23}
------------------------

[Table 1](#T1){ref-type="table"} summarizes the characteristics of the participants in the study cohort and in the three prevention programs at baseline. The study cohort was composed primarily of African-American children (68.4%) and a majority (58.5%) of the sample was girls. For comparisons to baseline data in [Table 1](#T1){ref-type="table"}, the average age at the end of the study was 12.9 years (standard deviation: 1.2 years); the percent girls was 59%; 31.5% of the children were white; and mean BMI percentile score was 70.4 (SD = 28.2**).** Findings pertaining to baseline adiposity measures have been described by Williamson et al. ([@R30]).

Changes in Percent Body Fat and Weight {#S24}
--------------------------------------

Comparison of changes in percent body fat in PP, PP+SP, and C indicated no differences for boys (F = 2.47, df = 2,14, *p* = .12) or girls (F = 2.68, df = 2,14, *p* = .11). Comparison of changes in BMI *z* scores in PP versus PP+SP indicated no differences for boys (F =.42, df =2,14, *p* =.67) or girls (F =2.30, df =2,14, *p* =.14). [Table 2](#T2){ref-type="table"} summarizes these findings. ESs were generally small (\< 0.35).

For changes in percent body fat in boys, main effects for EM in comparison to C approached statistical significance (*F* = 4.26, *df* = 1,15, *p* = 0.057). The LOCF analysis confirmed the significance of this null hypothesis test, *F* ([@R1],[@R15]) = 4.55, *p* \< 0.05. For girls, the difference between EM and C was also statistically significant (*F*= 5.64, *df* = 1,15, *p* = 0.03). The effects of EM on percent body fat are illustrated in [Figure 2A and B](#F2){ref-type="fig"}. [Table 3](#T3){ref-type="table"} summarizes the findings for arm main effects related to changes in percent body fat and BMI *z* scores. Mean reduction in percent body fat for boys in the EM arm was −1.7% ± 0.38% (*p* = 0.0004); whereas in C, mean change was −0.14% ± 0.69%, and did not differ from baseline (*p* = 0.84). For girls, percent body fat increased over time, regardless of prevention arm (*F*= 41.84, *df* = 1,15, *p* \< 0.0001). The average change in percent body fat for girls in the EM arm was 2.9% ± 0.22%; for girls in C, mean increased percent body fat was 3.93% ± 0.37%.

Changes in BMI *z* scores as a function of EM in comparison to the C were not observed for boys (*F* = 0.79, *df* = 1,15, *p* = 0.39). Also, no interaction effects involving intervention arms were found to be significant for boys (*p* values \> .14). For girls, a significant interaction of study arm, race, and time was found (*F* = 6.85, *df* = 1,10, *p* = 0.03). Post-hoc tests found that at M28, only for white girls, the EM arm differed from the Control arm (*p* = 0.04). The interaction effect is shown in [Figure 1 of the online supplement](#SD1){ref-type="supplementary-material"}. At M28, mean BMI *z* change scores for white girls in EM (*M* = 0.04 ± 0.03) were lower than BMI *z* change scores for white girls in the Control arm (*M* = 0.17 ± 0.05; *p* = 0.04). Main arm effects for boys and girls are summarized in [Table 3](#T3){ref-type="table"}. ESs for changes in percent body fat and BMI z scores were generally small (−0.08 to −0.27).

Differential changes in percent body fat (Boys: *F* = 0.92, *df* = 2,14, *p* = 0.42; Girls: *F* = 1.99, *df* = 2,14, *p* = 0.17) or BMI *z* scores (Boys: *F* = 0.25, *df* = 2,14, *p* = 0.78; Girls (*F* = 0.93, *df* = 2,14, *p* = 0.42) of *overweight children* were not observed across the three study arms. ESs were generally small (−0.31 to 0.15). See [Table 1 of the online supplement](#SD1){ref-type="supplementary-material"} for details of these analyses.

Changes in Behaviors related to Energy Balance {#S25}
----------------------------------------------

Findings for comparisons of PP, PP+SP, and C for the entire sample are summarized in [Table 4](#T4){ref-type="table"}. No differences between PP+SP and PP and C were found for changes in food intake, physical activity, or sedentary behavior.

In the comparisons of EM and C, a significant interaction of study arm and time was observed for changes in dietary fat intake (*F* = 4.86, *df* = 1,15, *p* = 0.04), illustrated in [Figure 3](#F3){ref-type="fig"}. At M28, reductions in dietary fat intake in EM (*M* = −59.0 ± 9.0) were larger than those observed in C (*M* = 21.8 ± 12.4). Findings for arm effects are summarized in [Table 2 of the online supplement](#SD1){ref-type="supplementary-material"}; ES for total fat (−0.52) was medium in size at M28. ICCs for food intake data were relatively high (0.15 to 0.38) which indicates that food intake of students at a particular school was relatively highly correlated in comparison to the food intake of students at other schools.

Changes in self-reported physical activity and sedentary behavior (using the SAPAC) did not differ as a function of study arm (all *p* values \> 0.05) and ESs were uniformly small (\< 0.10). Summaries of these data can be seen in [Table 2 of the online supplement](#SD1){ref-type="supplementary-material"}.

The findings from analyses in *overweight children* are summarized in [Table 5](#T5){ref-type="table"}. Addition of SP to PP yielded maintenance of physical activity in comparison to the reductions of physical activity observed for the PP arm (*F* = 5.27, *df* = 2,14, *p* = 0.02). Similar findings were observed for sedentary behavior (*F* = 3.88, *df* = 2,14, *p* = 0.05), as illustrated in [Figure 2 of the online supplement](#SD1){ref-type="supplementary-material"}.

### Change in Perceived Social Support for Dietary Changes {#S26}

PP+SP was associated with improved support from teachers for dietary changes in comparison to PP (ES at M28 = .34) and C (ES at M28 = .45) in the entire sample, F = 17.1, df = 2, 14, *p*=.0002. Similar findings were observed in overweight children; PP+SP in comparison to PP and C, was associated with improved social support from teachers F = 15.5, df = 2, 14, *p*=.0003. [Figures 3A and 3B in the online supplement](#SD1){ref-type="supplementary-material"} illustrate these effects.

Discussion {#S27}
==========

The primary finding of the LA Health study was that prevention arms that modified the school environment (EM) to promote healthy eating, increase physical activity, and decrease sedentary behavior were effective for reducing percent body fat in boys, attenuating percent body fat gain in girls, and preventing weight gain (as defined by BMI *z* scores) in white girls. Addition of the classroom/Internet (Secondary Prevention) program to the environmental modification (Primary Prevention) program had no significant effects on measures of adiposity, but was associated with better maintenance of physical activity and enhancement of teacher support for dietary changes in overweight children. These findings suggest that the classroom/Internet program may be most applicable to interventions that emphasize changes in physical activity of overweight children and enhancement of social support from teachers. Thus, we conclude that a classroom/Internet approach may affect some behavioral changes, but it did not provide additional changes in adiposity, when compared to the environmental modification program alone.

It is somewhat difficult to answer why the addition of the SP program did not have significant effects on measures of adiposity. Process measures ([@R29]) confirmed that the students were exposed to the internet and classroom components of SP and statistical power analyses indicated that the study was powered to find relatively small effects associated with each of the intervention arms. We can speculate, however. Other school-based prevention studies have reported changes in measures of physical activity and/or dietary behavior with no changes in measures of adiposity ([@R9], [@R19]), so it may be somewhat easier to change behaviors in comparison to body weight or fat. Changes in behavior may precede changes in body weight/fat. Also, it is possible that teachers were not able to implement the SP program with the intensity and consistency that is required to yield significant changes in body weight/fat in overweight or non-overweight children. Other possible explanations are: 1) parental involvement was not optimal, 2) 28 months of intervention may have been insufficient, and 3) recidivism during summer breaks may have weakened the results. Tests of these potential explanations are needed.

The LA Health study was one of only a few studies that included measures of percent body fat and BMI, which enables a comparison of these two endpoints as sensitive outcome measures in childhood obesity prevention studies. Examination of the standardized effect sizes associated with both primary outcome measures (see [Table 3](#T3){ref-type="table"}) suggest a slight advantage for sensitivity of change in percent body fat as opposed to changes in BMI *z* scores which measure changes in total body mass, as opposed to one component (body fat) of total body mass.

The LA Health study found modest evidence for prevention of weight/fat gain and improvement of healthy nutrition and physical activity through participation in a school-based intervention that targeted the entire student population. These findings are consistent with those recently reported by the HEALTHY study ([@R36]), which found modest beneficial effects of an environmental modification program on measures of body size and waist circumference. The LA Health study also found that the EM arm resulted in reduced intake of dietary fat, which is consistent with the results of several earlier studies ([@R19], [@R37], [@R38], [@R39]).

These findings should be interpreted in the context of the limitations of the study. The study cohort was not a representative sample of children in the U.S; the children were recruited from schools in rural areas of Louisiana with a majority from poor African-American families. The racial and ethnic diversity of the study cohort was limited to African-American and white/non-Hispanic children from Grades 4 to 6 in Year 1 and Grades 6 to 8 in Year 3. The study tested the efficacy of two types of obesity prevention programs and though they were labeled Primary and Secondary prevention, they should not be viewed as the only types of primary and secondary obesity prevention programs that could be developed and tested.

We conclude that the enthusiasm that might be generated by these modest positive findings should be tempered by the observation that results have been inconsistent across studies ([@R9], [@R10]) and that the overall results of this study indicated that the effect sizes were relatively small, even when beneficial effects were found, e.g., EM versus C for changes in percent body fat. Based upon these observations, we caution advocacy of untested school-based obesity prevention programs. Given the current evidence, we recommend that before widespread adoption of any school-based obesity prevention program, policy makers should insist that the program is properly evaluated using randomized controlled research methodology.

In summary, the EM program tested in the LA Health study yielded significant prevention of fat gain in boys and girls from rural communities, when compared to C. The addition of a secondary prevention program that utilized classroom instruction and an internet-based program yielded some additional changes in physical activity in overweight children and support from teachers for dietary changes. These behavioral changes did not yield additional reduction in adiposity or prevention of increased percent body fat. These findings, though positive, should be interpreted in the context of the relatively modest effect sizes attributable to the environmental intervention and the inconsistency of results across school-based obesity prevention studies ([@R9], [@R10]).
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At baseline, no significant (*p* values \> 0.05) correlations between SAPAC measures and measures of physical activity or sedentary behavior from accelerometers were found (*r* values \< 0.10). At M18 and M28, the SAPAC measure of physical activity was significantly correlated with minutes of moderate to vigorous activity measured by accelerometers at M18 (*r* = 0.15) and at M28 (*r* = 0.23). The SAPAC measure of sedentary behavior was correlated (*r* = 0.16) with minutes of light activity measured by accelerometers at M18, but at M28, this correlation was not significant (*r* = 0.05, *p* \> 0.05).
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![CONSORT flow chart that illustrates the recruitment, random assignment, and retention of participants in the LA Health study. Recruitment of schools was described in greater detail by Williamson et al. ([@R12]) Six school clusters declined to participate in the study. The decisions by the school administrators of these six clusters were unique to each school system, but none refused to participate because the focus of the project was healthy weight, eating, and activity.](nihms360947f1){#F1}
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###### 

Baseline characteristics of the participants in the study cohort.

                        Primary       Primary +Secondary   Control       Total Sample                       
  --------------------- ------------- -------------------- ------------- -------------- ----- ------ ------ ------
  N                     713           760                  587           2060                               
                        n             \%                   n             \%             N     \%     n      \%
  Gender                                                                                                    
   Female               419           58.8                 435           57.2           352   60.0   1206   58.5
   Male                 294           41.2                 325           42.8           235   40.0   854    41.5
  Race                                                                                                      
   White                264           37.0                 229           30.1           157   26.8   650    31.6
   African-American     449           63.0                 531           69.9           430   73.2   1410   68.4
  BMI                                                                                                       
   Underweight/Normal   369           51.7                 442           58.2           329   56.0   1140   55.3
   Overweight/Obese     344           48.3                 318           41.8           258   44.0   920    44.7
                        Mean(SD)      Mean(SD)             Mean(SD)      Mean(SD)                           
  Age                   10.5 (1.2 )   10.5 (1.2 )          10.6 (1.2 )   10.5 (1.2 )                        
  BMI percentile        70.3 (30.4)   68.4 (29.3)          70.6 (28.3)   69.7 (29.5)                        
  BMI *z* score         0.83 (1.22)   0.71 (1.13)          0.82 (1.12)   0.78 (1.16)                        
  Body fat percent      26.4 (11.9)   24.4 (11.1)          25.1 (11.5)   25.3 (11.5)                        

###### 

Changes in percent body fat and BMI z over time as a function of three prevention arms.

                                  Group          Adjusted Changes: M18   Adjusted Changes: M28   Overall Changes   F(arm) (2, 14)   Effect Size           
  --------------- --------------- -------------- ----------------------- ----------------------- ----------------- ---------------- ------------- ------- ------
  **%Body Fat**   Boys            PP             −0.86(0.63)             −1.7(0.66)              −1.3(0.59)        2.47             PP vs PP+PS   0.09    0.11
  PP+PS           −1.8(0.58)      −2.3(0.59)     −2.0(0.54)              P vs C                  −0.20             −0.17                                  
  C               0.09(0.73)      −0.30(0.75)    −0.11(0.68)             PP+PS vs C              −0.33             −0.31                                  
  Girls           PP              1.9(0.41)      3.7(0.42)               2.8(0.34)               2.68              PP vs PP+PS      −0.04         −0.04   
  PP+PS           2.1(0.39)       3.9(0.39)      3.0(0.32)               P vs C                  −0.23             −0.21                                  
  C               3.0(0.46)       4.9(0.46)      3.9(0.39)               PP+PS vs C              −0.21             −0.19                                  
  **BMI z**       Boys            PP             0.029(0.035)            0.017(0.037)            0.022(0.033)      0.42             PP vs PP+PS   −0.03   0.03
  PP+PS           −0.008(0.032)   0.028(0.033)   0.01(0.03)              P vs C                  −0.10             −0.07                                  
  C               0.050(0.043)    0.060(0.045)   0.055(0.04)             PP+PS vs C              −0.07             −0.10                                  
  Girls           PP              0.012(0.022)   0.022(0.023)            0.017(0.021)            2.30              PP vs PP+PS      −0.15         −0.12   
  PP+PS           0.051(0.022)    0.088(0.023)   0.069(0.021)            P vs C                  −0.15             −0.13                                  
  C               0.063(0.027)    0.088(0.027)   0.076(0.025)            PP+PS vs C              0.00              −0.02                                  

Note: PP = Primary Prevention, PP+PS = Primary + Secondary Prevention, C = Control.

Changes are adjusted means (SE).

F values are arm main effects. Reported F values were not statistically significant (*P* \> .05); therefore post-hoc tests were not conducted.

E.S.: Effect size is the standardized mean difference δ*~T~* appropriate for cluster randomized designs ([@R34]).

Intra-class correlations ranged from 0.0005 to 0.026.

###### 

Changes in percent body fat and BMI z over time as a function of EM versus C.

                                 Group          Adjusted Change: M18   Adjusted Change: M28   Average Changes   EM vs C: M28   EM vs C: Average                                                              
  --------------- -------------- -------------- ---------------------- ---------------------- ----------------- -------------- -------------------------------------- -------------------------------------- -------
  **%Body Fat**   Boys           EM             −1.3(0.41)             −2.0(0.42)             −1.7(0.38)        −1.7           −0.25                                  −1.6[\*](#TFN5){ref-type="table-fn"}   −0.23
  C               0.08(0.71)     −0.34(0.72)    −0.14(0.69)                                                                                                                                                  
  Girls           EM             2.0(0.27)      3.8(0.27)              2.9(0.22)              −0.9              −0.27          −1.0[\#](#TFN6){ref-type="table-fn"}   −0.23                                  
  C               3.0(0.44)      4.9(0.45)      3.9(0.37)                                                                                                                                                    
  **BMI z**       Boys           EM             0.009(0.022)           0.024(0.023)           0.017(0.020)      −0.034         −0.08                                  −0.037                                 −0.08
  C               0.048(0.041)   0.058(0.042)   0.053(0.038)                                                                                                                                                 
  Girls           EM             0.030(0.023)   0.053(0.024)           0.042(0.015)           −0.035            −0.08          −0.034                                 −0.08                                  
  C               0.063(0.023)   0.088(0.024)   0.076(0.025)                                                                                                                                                 

Note: EM arm = Primary Prevention combined with Primary + Secondary Prevention; C = Control.

Changes are adjusted means (SE).

*Associated p* value is .057;

associated *p* value is .031.

E.S.: Effect size is the standardized mean difference δ*~T~* appropriate for cluster randomized designs ([@R34]).

Intra-class correlations ranged from 0.0005 to 0.02.

###### 

Changes in secondary outcome measures over time as a function of three prevention arms.

                                         Group         Adjusted Changes: M18   Adjusted Changes: M28   Overall Changes   F (arm) (2, 14)   Effect Size           
  -------------------------------------- ------------- ----------------------- ----------------------- ----------------- ----------------- ------------- ------- -------
  Total Energy Intake (kcal)             PP            −38.3(31.6)             −127(31.8)              −82.9(22.6)       1.36              PP vs PP+PS   −0.23   −0.23
  PP+PS                                  4.5(28.9)     −84.2(29.0)             −39.8(20.7)             P vs C            −0.39             −0.23                 
  C                                      −24.1(29.6)   −50.4(29.8)             −37.3(21.3)             PP+PS vs C        −0.18             −0.01                 
  Energy from Total Fat (kcal)           PP            −19.4(13.6)             −65.6(13.7)             −42.5(9.7)        1.12              PP vs PP+PS   −0.14   −0.14
  PP+PS                                  −8.9(12.4)    −53.5(12.5)             −31.2(8.9)              P vs C            −0.49             −0.22                 
  C                                      −23.6(12.7)   −21.8(12.8)             −22.7(8.9)              PP+PS vs C        −0.39             −0.10                 
  Energy from Saturated Fat (kcal)       PP            −7.0(4.8)               −20.5(4.9)              −13.7(3.7)        0.67              PP vs PP+PS   −0.14   −0.15
  PP+PS                                  −1.8(4.4)     −16.0(4.4)              −8.9(3.4)               P vs C            −0.34             −0.16                 
  C                                      −7.6(4.5)     −9.3(4.5)               −8.4(3.4)               PP+PS vs C        −0.22             −0.02                 
  Energy from Protein (kcal)             PP            −8.1(9.5)               −2.8(9.6)               −5.4(7.0)         0.67              PP vs PP+PS   −0.04   −0.23
  PP+PS                                  10.5(8.7)     −0.9(8.7)               4.8(6.4)                P vs C            0.02              −0.05                 
  C                                      −2.0(8.8)     −4.0(8.8)               −3.0(6.4)               PP+PS vs C        0.07              0.17                  
  Energy from Carbohydrate (kcal)        PP            −6.0(17.3)              −54.0(17.4)             −30.0(14.2)       0.52              PP vs PP+PS   −0.25   −0.17
  PP+PS                                  3.5(15.8)     −29.6(15.9)             −13.1(−1.0)             P vs C            −0.29             −0.17                 
  C                                      −0.8(16.2)    −24.3(16.3)             −12.6(13.3)             PP+PS vs C        −0.05             −0.00                 
  SAPAC: Physical Activity Time (min)    PP            −13.4(8.5)              −35.4(8.6)              −24.4(7.5)        2.99              PP vs PP+PS   −0.21   −0.19
  PP+PS                                  4.5(7.8)      −10.8(7.9)              −3.1(6.9)               P vs C            −0.02             0.00                  
  C                                      −14.5(9.1)    −32.8(9.2)              −23.6(8.2)              PP+PS vs C        0.22              0.21                  
  SAPAC: Sedentary Behavior Time (min)   PP            −10.0(8.1)              −12.0(8.5)              −11.0(7.3)        2.85              PP vs PP+PS   0.13    0.13
  PP+PS                                  −31.7(7.6)    −36.2(7.8)              −34.0(6.7)              P vs C            0.09              0.05                  
  C                                      −11.8(9.7)    −27.0(9.9)              −19.4(8.9)              PP+PS vs C        −0.01             −0.09                 

Note: PP = Primary Prevention, PP+PS = Primary + Secondary Prevention, C = Control.

Changes are adjusted means (SE).

F values are arm main effects. Reported F values are not statistically significant (*P*\>\<.05); therefore no post-hoc tests were conducted.

E.S.: Effect size is the standardized mean difference δ*~T~* appropriate for cluster randomized designs ([@R34]).

Intra-class correlations ranged from 0.15 to 0.38 for food intake data; and .05 for Physical Activity and .03 for Sedentary Behavior

###### 

Changes in secondary outcome measures over time as a function of three prevention arms for students who were overweight at the baseline.

                                        Group         Adjusted Changes: M18   Adjusted Changes: M28   Overall Changes   F (arm) (2, 14)                         Effect Size                                                                       
  ------------------------------------- ------------- ----------------------- ----------------------- ----------------- --------------------------------------- ----------------------------------------- --------------------------------------- ------------------------------------------
  Total Energy Intake (kcal)            PP            −50.6(30.7)             −154.5(31.3)            −102.6(22.3)      1.43                                    PP vs PP+PS                               −0.26                                   −0.21
  PP+PS                                 −18.2(28.5)   −106.5(28.7)            −62.3(20.6)             P vs C            −0.50                                   −0.26                                                                             
  C                                     −47.9(30.4)   −58.7(30.5)             −53.3(22.2)             PP+PS vs C        −0.26                                   −0.05                                                                             
  Energy from Total Fat (kcal)          PP            −22.7(14.1)             −76.0(14.4)             −49.4(10.2)       0.96                                    PP vs PP+PS                               −0.19                                   −0.13
  PP+PS                                 −16.4(13.1)   −59.1(13.1)             −37.7(9.4)              P vs C            −0.42                                   −0.21                                                                             
  C                                     −35.7(13.8)   −23.8(13.8)             −29.8(10.0)             PP+PS vs C        −0.27                                   −0.10                                                                             
  Energy from Saturated Fat (kcal)      PP            −7.7(5.3)               −24.3(5.4)              −16.0(4.2)        0.50                                    PP vs PP+PS                               −0.17                                   −0.12
  PP+PS                                 −5.0(4.9)     −18.4(4.9)              −11.7(3.9)              P vs C            −0.43                                   −0.16                                                                             
  C                                     −11.5(5.1)    −9.4(5.1)               −10.5(4.0)              PP+PS vs C        −0.30                                   −0.04                                                                             
  Energy from Protein (kcal)            PP            −9.9(9.8)               −5.4(9.9)               −7.6(7.5)         0.60                                    PP vs PP+PS                               −0.05                                   −0.22
  PP+PS                                 8.4(9.0)      −3.0(9.1)               2.7(6.8)                P vs C            −0.01                                   −0.05                                                                             
  C                                     −6.0(9.4)     −4.9(9.4)               −5.4(7.1)               PP+PS vs C        −0.04                                   −0.17                                                                             
  Energy from Carbohydrate (kcal)       PP            −14.4(16.0)             −69.0(16.4)             −41.7(13.7)       0.66                                    PP vs PP+PS                               −0.27                                   −0.15
  PP+PS                                 −10.5(14.9)   −44.4(15.0)             −27.4(12.6)             P vs C            −0.38                                   −0.22                                                                             
  C                                     −8.8(16.0)    −31.7(16.0)             −20.2(13.4)             PP+PS vs C        −0.12                                   −0.07                                                                             
  SAPAC: Physical Activity Time (min)   PP            −19.1(7.5)              −40.3(7.7)              −29.7(5.9)        5.27[\*](#TFN15){ref-type="table-fn"}   PP vs PP+PS                               −0.22                                   −0.22[\*\*](#TFN16){ref-type="table-fn"}
  PP+PS                                 5.9(7.2)      −14.6(7.3)              −4.3(5.6)               P vs C            −0.05                                   −0.06                                                                             
  C                                     −11.3(8.4)    −34.4(8.4)              −22.9(6.6)              PP+PS vs C        0.19                                    0.19[\*\*](#TFN16){ref-type="table-fn"}                                           
  SAPAC: Sedentary Behavior (min)       PP            −12.8(9.1)              −25.9(9.6)              −19.3(7.8)        3.88[\*](#TFN15){ref-type="table-fn"}   PP vs PP+PS                               0.12[\*](#TFN15){ref-type="table-fn"}   0.16[\*](#TFN15){ref-type="table-fn"}
  PP+PS                                 −47.5(9.0)    −48.0(9.5)              −47.7(7.7)              P vs C            0.05                                    0.04                                                                              
  C                                     −15.0(10.8)   −35.1(11.0)             −25.0(5.8)              PP+PS vs C        −0.08                                   −0.14                                                                             

Note: PP = Primary Prevention, PP+PS = Primary + Secondary Prevention; C = Control

Changes are adjusted means (SE).

F values are arm main effects. Reported F values are all non-significant (*P* \< .05). Post-doc comparisons that were statistically significant are marked:

*P* \< .05;

*P* \< .02.

E.S.: Effect size is the standardized mean difference δ*~T~* appropriate for cluster randomized designs ([@R34]).

Intra-class correlations ranged from 0.12 to 0.40 for food intake data; and were .01 for Physical Activity and .03 for Sedentary Behavior
